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Objective. The purpose of this study was to radiographically evaluate technical quality of root canal fillings performed by dental
undergraduates at Libyan International Medical University in Libya. Methods. Root canal cases were treated at university dental
clinic from the fall of 2012 to the fall of 2013 by the fourth and fifth year dental students. Students used step-back preparation and cold
lateral compaction in the treatment. Radiographs were reviewed over a two-year period from initial procedure to final restoration.
Radiographs were evaluated for adequacy or inadequacy by length, density, and taper. Length inadequacy was classified as short or
overextended. Overall quality was considered “adequate” based on all three variables. Chi-square tested differences between teeth
groupings and adequacy classification. Significant p value results were adjusted by Bonferroni correction. Results. Adequate length
of root canal fillings were observed in roughly half of all samples (48.6%). Density was adequate in 75.8% of the samples. Taper was
observed as adequate in 68.8%. Higher quality was evident in anterior teeth (plus premolars) versus molars (65.6% versus 43.3%,
resp.; p < 0.04). Conclusion. Overall quality of endodontic treatment performed by undergraduate dental students was adequate in
53.9% of the cases. Significant opportunity exists to improve the quality of root canals provided by dental students.

1. Introduction

Teaching undergraduate endodontics has been recognized
as one of the most formidable challenges across all dental
subjects [1]. Educators have had to continuously cope with
the discipline’s contemporary evolution, which has rapidly
spread in the past 2 decades and even outpaced other dental
specialties by measures of scholarly research activity [2]. The
foremost educational goal of endodontics is to successfully
promulgate knowledge as a foundation for graduates to
become competent and proficient in actual practice [3]. All
endodontic treatment modalities require advanced knowl-
edge and technical skills should be considered essential in
pursuing this objective [4].

In contemporary endodontic curricula, educators have
devoted special focus to optimize technical quality of root

canal procedures. Some studies have demonstrated an asso-
ciation between root canal-specific training during the stu-
dent’s study period and improved quality of root canal fillings
performed by dental graduates [5-8]. Further efforts have
been made to improve root canal quality via postgrad-
uate interventions, including continuing dental education
(CDE) or development of a quality improvement initiative to
improve quality of care [6, 9].

The European Society of Endodontology (ESE) has pub-
lished undergraduate curriculum guidelines updated every
decade to encourage the development of high quality under-
graduate dental education and acceptable standards of care
in clinical endodontic practice [3, 10-12]. These guidelines,
widely integrated into endodontic curricula [1], emphasize
the necessity for undergraduate students to undertake prin-
ciples of clinical and theoretical education and apply them
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to the clinical outcome to reach a minimum competency
threshold prior to graduation. Because root canals are widely
performed by general dental practitioners as opposed to
specialists alone, guiding principles place high expectation
for dental students to demonstrate a satisfactory nonsurgical
root canal procedure on both single- and multirooted teeth.

We have directly observed endodontic practical sessions
in Libya’s government-run dental schools and found that they
offer abbreviated and very limited exposure to endodontic
topics that are inadequate to cultivate knowledge and com-
petence. Reasons for this suboptimal training likely include
(1) the vast number of dental students, (2) fewer available
patients, (3) a sparsity of endodontic equipment and material
availability, (4) limited endodontics staff, and (5) the prevail-
ing belief that endodontics should be a specialist subject. The
absence of complete endodontic training in dental education
may therefore severely impair a graduate’s decision-making
and clinical effectiveness, leading to pervasive treatment fail-
ures.

In the fall of 2007, the first accredited private medical
university in Libya was founded in Benghazi, Libyan Interna-
tional Medical University (LIMU), with the mission to grad-
uate highly qualified graduates in different areas of health.
LIMU is the only educational alternative to government-
run schools for prospective students in Benghazi. The LIMU
dental curricula mandate that endodontic training should be
provided to all dental students within five years. A preclinical
course is tentatively started in the third year requiring stu-
dents to perform root canals on at least four anterior human-
extracted teeth, two premolars, and two molars. Clinical
courses follow, with fourth and fifth year dental students
undertaking education in endodontic treatment tailored to
specific requirements, including a comprehensive clinical
examination informing appropriate diagnosis. During the
fourth year, students perform the nonsurgical root canal
treatment of four anterior teeth and four premolars. In the
fifth year, students are required to complete primary endo-
dontic procedure of three molars in the first semester and
a comprehensive case treatment in the second semester.
In the sixth year’s nine month internship period, students
undertake routine orthograde root canal therapy per patient
presentation.

Research evaluations of root canal treatment quality
have been shown to significantly aid the planning of future
endodontic educational programs [13]. While quality evalua-
tions of root canals performed by graduated students during
their preclinical and clinical coursework have been widely
reported elsewhere, there have been no published reports
originating from Libya regarding quality of root canal fillings
performed by dental students.

The aim of this study was to evaluate the technical quality
of root canal treatment performed by the first undergraduate
group during their clinical academic terms in both the fourth
and fifth years at LIMU. This effort was also undertaken
to gauge the scope of revisions necessary to successfully
modify the preclinical program curriculum delivered during
the preclinical semesters.
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2. Methods

2.1. Patients. Patient cases were treated by thirty-two under-
graduate students in the university dental clinic during their
fourth and fifth years from the fall of 2012 to the fall of
2013. The study protocol was reviewed and exempted by
the institutional review board. All students were supervised
by staff specialized in endodontics in the first clinical year.
In the final year, a conservative specialist with interest in
endodontics was appointed. The ratio of clinical supervisor
to student was 1to 8.

All chart records and radiographs of patients who had
received endodontic student treatment at LIMU were col-
lected and reviewed by an investigator from initial procedure
time to final restoration, all over the two-year academic
period following the group of thirty-two dental students
through their clinical course. A total of twenty-seven dental
students entered their fifth year, reflecting minor expected
attrition. Patients were excluded if they were younger than 16
years of age and if they had records that did not include preop-
erative and postoperative periapical radiographs, unreadable
radiographs due to developing procedures, superimposed
anatomical structures, records without complete root canal
treatment, or cases of perforation, instrument separation, or
missing canals. In year four, the thirty-two students treated
a total of 256 teeth. In year five, the twenty-seven remaining
students treated 81 teeth. Thus, a total of 337 teeth were treated
over the two-year academic period.

2.2. Procedure. After assessing the medical and dental history
of each patient, local anesthesia was administered using 2%
lignocaine 1:20,000 (Alexandria Co., Alexandria, Egypt).
Rubber dam isolation was used for all patients. Access cavity
was prepared and the working length was determined using
size of 15K file (Dentsply, Dentsply Ltd., UK). Periapical
radiographs were then taken using the paralleling technique
with Trophy (France) X-ray unit and the Kodak D-Speed
films were exposed at 65kV, 10mA. Step-back technique
using a stainless steel hand K-files (0.02 taper) was performed
and root canals were irrigated using 1% sodium hypochlorite
(NaOClI). EDTA 17% gel was used to negotiate calcified
canals. All root canals were filled with gutta-percha 0.02 taper
(Gapadent co., Ltd., Hamburg, Germany) and zinc oxide-
based sealer (Metabiomed Co., Ltd., Korea) using cold lateral
condensation technique. An NiTi finger spreader of 2% taper
was used to compact the gutta-percha cones and create a
space for accessory points. For each root-filled tooth, at
least 2 periapical radiographs were taken (preoperative and
postobturation). One investigator, a specialist in endodontics,
independently examined the radiographs utilizing a magnify-
ing lens (x4) and an X-ray viewer.

2.3. Outcome Variables. Technical quality of root canal
fillings was assessed by radiography based on 3 variables: (1)
length as compared to the radiographic apex, (2) density of
obturation by the presence or absence of voids, and (3) taper.
The density and taper of root canal fillings were classified
as adequate or inadequate. Length was rated as adequate
or short (inadequate) or overextended (also inadequate).
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Overall quality was deemed “adequate” if all 3 variables were
acceptable according to protocol-specified criteria as pre-
sented in Table 2. Postobturation radiographs were captured
via paralleling technique, displaying the entire length of the
root and 2 to 3mm beyond it (see sample radiographs in
Figures 5(a), 5(b), and 5(c)). Radiographs were assessed for
adequate length quality (see the example in Figure 5(a)).
Figures 5(b) and 5(c) represented inadequate quality that
was either too short in length or of overextended length,
respectively.

2.4. Statistical Analysis. Descriptive statistics present cate-
gorical variable frequencies and percentages. Chi-square test
statistic was performed to determine statistically significant
differences between the “adequate” and “inadequate” counted
variables. Alpha level was set at .05. If significance was
reached, Bonferroni correction was applied to adjust the p
value by multiplying it by the number of the comparisons
(2 +1) in each maxillary and mandibular teeth to account for
multiple comparisons. Both Excel 2013 (Microsoft, Redmond,
WA, USA) and SPSS software v.20 (SPSS Inc., Chicago, IL,
USA) were used for all statistical procedures and validation
of analysis.

3. Results

After applying inclusion and exclusion criteria, 128 teeth
constituted the final sample over the two-year academic
period (32 anterior teeth, 29 premolars, and 67 molars).

3.1. Overall Quality (Figure 1)

3.1.1. Maxilla and Mandible Combined. The overall quality
was defined by the combination of all three outcome variables
that were deemed adequate (length, density, and taper) for
all maxillary and mandibular teeth. All measures of adequacy
are reported in this results’ section and in Figures 1 through
4, whereas inadequate percentages are only reported in the
same corresponding figures.

Overall quality was deemed adequate in 53.9% of all max-
illary and mandibular teeth. There were statistically signifi-
cant differences between teeth types, with 65.6% of anterior
teeth and premolars classified as adequate compared to 43.3%
of molars (p < 0.04; Figure 1). By outcome variable for both
maxillary and mandibular teeth combined, root canal filling
length was observed to be adequate in 48.6% of all teeth, den-
sity was adequate in 75.8%, and taper was adequate in 68.8%.

3.2. Length (Figure 2)

3.2.1. Maxilla. Adequate length of root filling was observed
in 64.0% of all maxillary teeth. The incisors and molars
demonstrated fewer numbers of teeth with adequate length
compared to canines and premolars, although this difference
was not statistically significant (p > 0.2).

3.2.2. Mandible. For mandibular teeth, only premolars and
molars were existing and thus analyzed. Adequate length was

3
p<0.04
34.4%
46.1%
56.7%

65.6% 43.3% 53.9%
Anterior/ Molars Total (%)
premolars

[ Inadequate
[] Adequate

FIGURE 1: Overall quality (%) of root canals in maxillary and man-
dibular teeth.

observed in 33.3% of all mandibular teeth, of which 37.5%
were premolars and 32.4% were molars, but the difference
between these groups was not found to be statistically
significant (p > 0.7).

3.3. Density (Figure 3)

3.3.1. Maxilla. Adequate density of root filling was seen in
82.6% of all maxillary teeth, 57.6% of which were molars and
98.1% were anterior teeth plus premolars. When both groups
were compared, the difference was found to be statistically
significant (p < 0.0001).

3.3.2. Mandible. Adequate density was observed in 69.0% of
all mandibular teeth. All premolars were adequate (100%), in
contrast to 61.8% of the molars, and the difference was also
statistically significant (p < 0.1).

3.4. Taper (Figure 4)

3.4.1. Maxilla. Adequate taper was found in 68.6% of all
maxillary teeth. The maxillary canines that demonstrated the
highest rate of taper (87.5%) compared to the molars were
(54.5%), but this difference was not found to be statistically
significant (p > 0.1).

3.4.2. Mandible. Adequate taper was found in 69.0% of all
mandibular teeth, 87.5% of which were premolars and 64.7%
were molars, but this difference was also not statistically
significant (p > 0.05).
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FIGURE 2: Length quality (%) in maxillary and mandibular root canal-filled teeth.
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FIGURE 3: Density quality (%) in maxillary and mandibular root canal-filled teeth.

4. Discussion who would shortly be expected to serve the community.

Other studies radiographically assessed only the length and
This is the first endodontic research study of its kind reported  density of root canal filling but omitted the taper variable [14-

from Libya. These data objectively identify the quality of  17]. We incorporated the taper variable defined by guidelines
endodontic treatments performed by Libyan dental students, ~ [18] and results were comparable to other research studying
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FIGURE 4: Taper quality (%) in maxillary and mandibular root canal-filled teeth.

()

(®)

FIGURE 5: Radiographs depicting adequate quality root canal (a), inadequate/short length (b), and inadequate/overextended length (c).

tapers [5, 14, 15, 19]. We observed adequate taper in 68.8%
of root canals, a finding slightly less than the 71% reported
by Roman-Richon and colleagues, in which rotary files were
used and 82% were reported by Fonseka and colleagues, of
which the latter study only investigated single-rooted molars
with wide versus narrow canals [15, 19].

Our percentage of overall quality was 53.9%, less than
the reports from Turkey (79.5%), Serbia (74%), and Malaysia
(61%) [16, 17, 20], similar to Greece (55%) [21], but greater
than reports from Iran (45%), Spain (44%), Sudan (24%), and

Saudi Arabia (23%) [5, 13, 14, 19]. However, inequalities may
be difficult to reconcile because of the differences in outcome
criteria used, sample sizes, and design. We report a low per-
centage of adequate molars treated in the second year (43%)
compared to the adequately-treated anterior and premolars
in the first year (65.6%), which skewed the overall percentage
of adequate root fillings to 53.9%. Difficulty in treating molars
by undergraduate students was also reported in other studies
(13, 14, 20, 21]. In contrast, a Sudanese study showed that
the adequacy of posterior teeth was 79.7% versus 20.3% of



anterior teeth [5]. One plausible explanation to account for
this discrepancy might be attributable to experiential learning
and progressive adaptation of individual students.

Overall, inadequate root canal fillings were seen in 46.1%
of root canals (Figure 1). Molars showed high percentage
of inadequacy 56.7%, which was significantly different from
34.4% of anterior teeth (plus premolars). Difficulty in suc-
cessfully treating molars was managed by most dental schools
[21, 22]. In our study, this significant value may be attributable
to the anatomical complexity of molars, lack of specialist
supervision during treatment of molars, and insufficient
training in time and depth of material devoted to molars and
complication management in the preclinical curriculum.

Acceptable filling length was observed in 48.6% of all
teeth. This was lower than most of the previous studies [13-
17, 19]. This low value may be relevant to a high percentage
of fillings with inadequate length in molars. To improve
the length of root canal fillings, an electronic apex locator
should be used in conjunction with X-ray radiographs. A
homogeneous filling was found in 75.8% of root canals. This
was less than that reported in other studies from Turkey
(92%) [16] and Serbia (92.6%) [17]. In contrast, it was greater
than that reported from Saudi Arabia and Iran (34%), Sudan
(45%), and Spain (69%) [5, 13,14, 19]. This might be explained
by the fact that LIMU students were using Nitti finger
spreaders, which have proven to provide better outcomes
for lateral compaction technique, especially in curved canals
because of deeper penetration [23].

It is important to recognize that improvements for greater
educational impact can likely be bolstered by improved
teacher-student alignment, credibility, trust, and a willing-
ness to interact. Knowledge and competency are progressive
achievements on the spectrum of learning toward mastery
(expertise) [24]. Guidelines have suggested that students be
supervised by appropriate endodontic specialists [12]. Our
program employs an endodontic specialist in the first clinical
year as a supervisor and a restorative specialist in the second.
Past guidelines have also recommended an acceptable ratio
between supervisor and students [25], which can aid in iden-
tifying student weaknesses [26]. Our supervisor-to-student
ratio was 1 to 8 for both clinical years; ratios of other studies
were 1 to 5 in Iran [13], 1 to 6 in Sudan [5], 1 to 12 in Spain,
and 1to 15 in Greece [27].

Our ratio allowed close monitoring and evaluation, both
elements are instrumental in detecting student strengths and
weaknesses. However, merely identifying student weaknesses
and mishaps without prompt correction may inadvertently
reinforce erroneous practices [28]. Even if supervisor feed-
back is immediate, manner of supervisor feedback is equally
important, since competency can only be cultivated in condi-
tions of constructive, directive feedback [12].

In our program and others, there are opportunities to
optimize supervisor interaction with students, particularly
by training supervisors in tactful approaches to a range of
personality types that can ensure that students are motivated
to actively participate [29]. Ideally, the supervisor should
facilitate reflection of what the student has already learned,
encouraged to self-evaluate their own weaknesses and, in
opportune moments, remind students of acceptable practice
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standards [30]. A 2013 meta-analysis reported that planned,
structured debriefings of either individuals alone or in teams
can yield up to a 25% increase in performance regardless of it
being a real case or a simulated setting [31]. Overall, effective
learning is more likely to occur when a student is motivated
to acknowledge that they are in need of input ultimately
accepting direction [30, 32].

Instead of learning passively by simply being corrected, it
is desirable for a student to be as active a learner can be as pos-
sible [33, 34]. A 2013 survey of dental students’ perspectives
reported that 92% preferred dynamic, interactive educational
techniques [35]. Active learning can be even achieved by
modifying traditionally didactic courses in breakout format
for more group- or case-based discussions [36, 37], theater
format to better visualize procedures [38], or interacting via
an audience response system [18, 39]. It is incumbent upon
educators to engage students while it is the responsibility of
the students to be willing to participate.

Discerning and addressing student strengths and weak-
nesses are a key function of formative and summative eval-
uations, thereby informing educators of their student’s needs
to effectively model or redesign curricula. These processes
are highlighted by both recent guidelines [12] and several
studies reporting their use in medical education setting [29,
37, 40, 41] and academic teaching staft should accept the
responsibility to employ formative and summative assess-
ment techniques to determine priorities and then revise
curricula accordingly just as other programs have to meet the
needs of their students [21]. Direct observation of trainees
is a vital hallmark of assessment to inform curricula across
all specialties of medicine, including endodontic training
[29]. As such, the supervisory role of educators, openness to
student feedback, and the reporting of that feedback is crucial
for actionable evaluations. This is even more important as
emerging technologies might at any moment be adopted that
could impact diagnosis, treatment, and the dissemination of
real clinical skills in clinics or simulators [37, 40]. Qualtrough
has estimated that students may be using haptic technology
in practical learning applications as early 2020 [1]. Data
from our study was compared to other recent published
studies and revealed that international agreement related to
student performance and the basic principles in applying
European endodontics guidelines were followed. However,
to improve success with molar teeth, preclinical training
must be improved to acquire the clinical skills needed to
treat molars. While problems in treating molars were noticed
instantly by the endodontic staff at LIMU, a modified curricu-
lum has already been implemented for subsequent groups.

5. New Curriculum Model

Our curriculum has undergone a number of changes and
will likely be further revised. The practical sessions of the
preclinical course has been divided between two semesters:
the first semester of the third year (fifth semester) and the sec-
ond semester of the fourth year (sixth semester). In the fifth
semester, students treat at least four anterior teeth, two pre-
molars and two molars, while in the sixth semester, they treat
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TaBLE 1: Distribution of teeth and root canals in both jaws.
Incisors Canines Premolars Molars
Teeth Canals Teeth Canals Teeth Canals Teeth Canals
Maxillary 24 24 8 8 21 36 33 102
Mandibular 0 0 0 0 8 8 34 106
TaBLE 2: Criteria for the evaluation of root canal fillings.
Quality variable Criteria Definition
Adequate Filling ends are 0.5 to 2 mm from the radiographic apex
Length Overfilled Filling extends beyond the radiographic apex
Underfilled Filling ends are shorter than 2 mm from the radiographic apex
Taper Adequate A consistent taper from coronal to apical aspects with good canal shape
Inadequate Inconsistent taper
Density Adequate Uniform density without clear presence of voids

four molars. The competency-based method [42] was empha-
sized by ESE around the importance of student quality per-
formance versus quantity [12]. However, there exists diversity
between schools regarding minimum requirements of treated
cases. The ESE sets minimum number of clinical experiences
to be greater than twenty canals, including extracted teeth
[43] (Table 1). In the LIMU curriculum, the total number of
canals in the preclinical stage was set at 20 to 24.

In this added course, students received a one hour
endodontic lecture and gained four hours lab experience
per week over sixteen weeks dedicated almost exclusively for
molars. During lab sessions, students provided a checklist for
self-evaluation for each tooth. They were asked to finish root
canal treatment in four extracted molars (two maxillary and
two mandibular molars). To enhance their understanding
toward the procedural errors and how to avoid them, students
were asked to identify and document mishaps as soon as
they occurred and to correct simple ledges and perforations.
Students also performed treatment in single-rooted teeth
using a rotary system for canal preparation. Later, they were
asked to present one of their cases to explain the procedure
and to detail mishaps and protective actions taken. Because
a change took place in the preclinical course, future studies
evaluating the clinical performance for this group of students
are needed to investigate the impact of this newly-revised
curriculum.

6. Conclusion

The quality of root canal fillings performed by undergraduate
dental students at the Libyan International Medical Univer-
sity was satisfied in 53.9% of the cases, revealing a substantial
gap in unmet educational needs. We must continue to adapt
our educational plans to bolster student knowledge and con-
fidence, particularly in treating molars, with the aim of ulti-
mately yielding demonstrated improvements in competency.
Testing the effect of the new model and several other educa-
tion improvement initiatives are required to improve actual
clinical performance of subsequent groups of dental students.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] A. J. E. Qualtrough, “Undergraduate endodontic education:
what are the challenges?” British Dental Journal, vol. 216, no. 6,
pp. 361-364, 2014.

[2] V. R. Vora, Growth and dissemination of endodontic knowledge
[Ph.D. thesis], The University of Michigan, 2011.

[3] C. Lost, “Quality guidelines for endodontic treatment: con-
sensus report of the European Society of Endodontology,
International Endodontic Journal, vol. 39, no. 12, pp. 921-930,
2006.

[4] L.-H. Chueh, S.-C. Chen, C.-M. Lee et al., “Technical quality
of root canal treatment in Taiwan,” International Endodontic
Journal, vol. 36, no. 6, pp. 416-422, 2003.

[5] R. O. Elsayed, N. H. Abu-Bakr, and Y. E. Ibrahim, “Quality
of root canal treatment performed by undergraduate dental
students at the University of Khartoum, Sudan,” Australian
Endodontic Journal, vol. 37, no. 2, pp. 56-60, 2011.

[6] K. S. Al-Fouzan, “A survey of root canal treatment of molar
teeth by general dental practitioners in private practice in Saudi
Arabia,” Saudi Dental Journal, vol. 22, no. 3, pp. 113-117, 2010.

[7]1 A. J. E. Qualtrough, J. M. Whitworth, and P. M. H. Dum-
mer, “Preclinical endodontology: an international comparison,”’
International Endodontic Journal, vol. 32, no. 5, pp. 406-414,
1999.

[8] M. Buckley and L. S. W. Spangberg, “The prevalence and
technical quality of endodontic treatment in an American
subpopulation,” Oral Surgery, Oral Medicine, Oral Pathology,
Oral Radiology, and Endodontology, vol. 79, no. 1, pp. 92-100,
1995.

[9] R. J. G. de Moor, G. M. G. Hommez, J. G. de Boever, K. 1.
M. Delmé, and G. E. I. Martens, “Periapical health related to
the quality of root canal treatment in a Belgian population,”
International Endodontic Journal, vol. 33, no. 2, pp. 113-120,
2000.



(10]

(14

(15]

(16]

(17]

(20]

(21]

(22]

(23]

[24]

European Society of Endodontology, “Consensus report of the
European Society of Endodontology on quality guidelines for
endodontic treatment,” International Endodontic Journal, vol.
27, no. 3, pp. 115-124, 1994.

C. Lost, “Undergraduate curriculum guidelines for endodontol-
ogy, International Endodontic Journal, vol. 34, no. 8, pp. 574-
580, 2001.

R. De Moor, M. Hiilsmann, L.-L. Kirkevang, J. Tanalp, and J.
Whitworth, “Undergraduate curriculum guidelines for endo-
dontology;” International Endodontic Journal, vol. 46, no. 12, pp.
1105-1114, 2013.

S. Moradi and M. Gharechahi, “Quality of root canal obturation
performed by senior undergraduate dental students;” Iranian
Endodontic Journal, vol. 9, no. 1, pp. 66-70, 2013.

H. Balto, S. Al Khalifah, S. Al Mugairin, M. Al Deeb, and E. Al-
Madi, “Technical quality of root fillings performed by under-
graduate students in Saudi Arabia,” International Endodontic
Journal, vol. 43, no. 4, pp. 292-300, 2010.

M. Fonseka, R. Jayasinghe, W. P. M. M. Abeysekara, and K. A.
Wettasinghe, “Evaluation of the radiographic quality of roots
filling, performed by undergraduates in the Faculty of Dental
Sciences, University of Peradeniya, Sri Lanka,” International
Journal of Research in Medical Sciences, vol. 1, no. 3, pp. 12-16,
2013.

G. C. Unal, A. D. Kececi, B. U. Kaya, and A. G. Tac, “Quality of
root canal fillings performed by undergraduate dental students,”
European Journal of Dentistry, vol. 5, no. 3, pp. 324-330, 2011.

T. Vukadinov, L. Blazi¢, I. Kantardzi¢, and T. Lainovié, “Techni-
cal quality of root fillings performed by undergraduate students:
a radiographic study,” The Scientific World Journal, vol. 2014,
Article ID 751274, 6 pages, 2014.

H.J. Wenz, M. Zupanic, K. Klosa, B. Schneider, and G. Karsten,
“Using an audience response system to improve learning
success in practical skills training courses in dental studies—
arandomised, controlled cross-over study,” European Journal of
Dental Education, vol. 18, no. 3, pp. 147-153, 2014.

S. Roman-Richon, V. Faus-Matoses, T. Alegre-Domingo, and
V.-J. Faus-Llacer, “Radiographic technical quality of root canal
treatment performed ex vivo by dental students at Valencia
University Medical and Dental School, Spain,” Medicina Oral,
Patologia Oral y Cirugia Bucal, vol. 19, no. 1, pp. €93-e97, 2014.

P. V. Chakravarthy and J. R. Moorthy, “Radiographic assessment
of quality of root fillings performed by undergraduate students
in a Malaysian Dental School,” Saudi Endodontic Journal, vol. 3,
no. 2, pp. 77-81, 2013.

M. G. Khabbaz, E. Protogerou, and E. Douka, “Radiographic
quality of root fillings performed by undergraduate students,”
International Endodontic Journal, vol. 43, no. 6, pp. 499-508,
2010.

K. M. Barrieshi-Nusair, M. A. Al-Omari, and A. S. Al-Hiyasat,
“Radiographic technical quality of root canal treatment per-
formed by dental students at the Dental Teaching Center in
Jordan,” Journal of Dentistry, vol. 32, no. 4, pp. 301-307, 2004.

M. B. Sobhi and I. Khan, “Penetration depth of nickel titanium
and stainless steel finger spreaders in curved root canals,
Journal of the College of Physicians and Surgeons Pakistan, vol.
13, no. 2, pp. 70-72, 2003.

D. W. Chambers, “Competencies: a new view of becoming a
dentist,” Journal of Dental Education, vol. 58, no. 5, pp. 342-345,
1994.

(25]

(26]

[27]

[37]

(38]

(39

[41]

International Journal of Dentistry

“Undergraduate curriculum guidelines for endodontology.
European Society of Endodontology;” International Endodontic
Journal, vol. 25, no. 3, pp. 169-172, 1992.

P. M. Dummer, “Comparison of undergraduate endodontic
teaching programmes in the United Kingdom and in some
dental schools in Europe and the United States,” International
Endodontic Journal, vol. 24, no. 4, pp. 169-177, 1991.

E. Kelbauskas, L. Andriukaitiene, and I. Nedzelskiene, “Quality
of root canal filling performed by undergraduate students of
odontology at Kaunas University of Medicine in Lithuania,’
Stomatologija, vol. 11, no. 3, pp. 92-96, 2009.

G. L. Dunnington, K. Wright, and K. Hoffman, “A pilot expe-
rience with competency-based clinical skills assessment in a
surgical clerkship,” The American Journal of Surgery, vol. 167, no.
6, pp. 604-607, 1994.

J. R. Kogan, E. S. Holmboe, and K. E. Hauer, “Tools for direct
observation and assessment of clinical skills of medical trainees:
a systematic review;” The Journal of the American Medical Asso-
ciation, vol. 302, no. 12, pp. 1316-1326, 2009.

D. R. Sadler, “Formative assessment and the design of instruc-
tional systems,” Instructional Science, vol. 18, no. 2, pp. 119-144,
1989.

S. I. Tannenbaum and C. P. Cerasoli, “Do team and individual
debriefs enhance performance? A meta-analysis,” Human Fac-
tors, vol. 55, no. 1, pp. 231-245, 2013.

D. Carless, “Conceptualizing pre-emptive formative assess-
ment,” Assessment in Education: Principles, Policy ¢ Practice,
vol. 14, no. 2, pp. 171-184, 2007.

N. A. Nadershahi, D. J. Bender, L. Beck, and S. Alexander, “A
case study on development of an integrated, multidisciplinary
dental curriculum,” Journal of Dental Education, vol. 77, no. 6,
pp. 679687, 2013.

C. E Shuler, “Keeping the curriculum current with research and
problem-based learning,” The Journal of the American College of
Dentists, vol. 68, no. 3, pp. 20-24, 2001.

S. Roopa, M. G. Bagavad, A. Rani, and T. Chacko, “What
type of lectures students want?—a reaction evaluation of dental
students,” Journal of Clinical and Diagnostic Research, vol. 7, no.
10, pp. 2244-2246, 2013.

C. J. Miller, J. McNear, and M. J. Metz, “A comparison of tra-
ditional and engaging lecture methods in a large, professional-
level course,” The American Journal of Physiology—Advances in
Physiology Education, vol. 37, no. 4, pp. 347-355, 2013.

D. L. Cragun, R. D. DeBate, H. H. Severson et al., “Developing
and pretesting Case studies in dental and dental hygiene
education: using the Diffusion of Innovations model,” Journal
of Dental Education, vol. 76, no. 5, pp. 590-601, 2012.

H. T. Al-Ahmad, “Dental students’ perception of theater-based
learning as an interactive educational tool in teaching oral
surgery in Jordan,” Saudi Medical Journal, vol. 31, no. 7, pp. 819~
825, 2010.

K. M. Satheesh, C. D. Saylor-Boles, ]. W. Rapley, Y. Liu, and C. C.
Gadbury-Amyot, “Student evaluation of clickers in a combined
dental and dental hygiene periodontology course,” Journal of
Dental Education, vol. 77, no. 10, pp. 1321-1329, 2013.

D. C. Johnsen, T. A. Marshall, M. W. Finkelstein et al., “A
model for overview of student learning: a matrix of educational
outcomes versus methodologies,” Journal of Dental Education,
vol. 75, no. 2, pp. 160-168, 2011.

S. Krasne, P. E Wimmers, A. Relan, and T. A. Drake, “Differ-
ential effects of two types of formative assessment in predicting



International Journal of Dentistry

performance of first-year medical students,” Advances in Health
Sciences Education, vol. 11, no. 2, pp. 155-171, 2006.
[42] D. W. Chambers, “Toward a competency-based curriculum,’
Journal of Dental Education, vol. 57, no. 11, pp. 790-793, 1993.
[43] S. Gatley, J. Hayes, and C. Davies, “Requirements, in terms of
root canal treatment, of undergraduates in the European Union:

an audit of teaching practice,” British Dental Journal, vol. 207, no.
4, pp. 165-170, 2009.



